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XXII. Anomalous Magnetic Rotatory 19ispersion of Neo- 
dymium. .By R. W. WOOD, .Professor of Experimental 
.Physics in the Johns Hopkins University ~. 

[Plate XIII.7_ 

T H E R E  has been a good deal of discussion as to whether 
anomalous.. . dispersion of the. rotatory polarization occurs 

in the vmmlty of the absorption-bands of the rare earths. 
The work of Bates, as well as my own, appears to have proven 
beyond much question that the aniline dyes do not exhibit 
the phenomenon, as was claimed by Schmauss, who published 
curves which apparently showed very pronounced anomalies 
a~ the absorption-bands. Schmauss also investigated the 
magnetic rotation of solutions of the rare earths (Annalen 
d~ .Physik, x. p. 853, 1903), and found that there was, 
in every case, an abnormal increase of the rotation on 
the red side of the bands, and an abnormal decrease on the 
blue side, as in the case of ordinary anomalous dispersion. 
Bates was unable to find any anomalies whatever, but an 
examination which I made of a solution of praseodymium 
appeared to confirm, at least in a measure, the results of 
Schmauss (Phil. Mag. May 1905; Phys. Zeit. vi. p. 416, 

19~J.in~ s~ated in my earlier paper, it was diMcult to get 
results in which one could feel absolute confidence, owing to 
the great experimental difficulties. I had no polarimeter of 
precision, and was obliged to work with a pair of nicols only, 
and determine the rotation of the plane by the method of 
extinction. 

If one could deal with rotations of sufficient magnitude to 
enable one to obtain a dark band in the spectrum of the 
transmitted light, one could feel sure of the results, and this 
I have at last succeeded in doing. To my great surprise, 
however, in the case of the one band which has been carefully 
studied, the anomaly is the same as with sodium vapour, that 
is the rotation increases very rapidly as the absorption-band 
is approached from the short wave-length side. I~ has been 
found possible to set the nicols for extinction and cause a 
restoration of the ligh~ in the vicinity of the absorption-band 
by the excitation of the magnet, as can be so beautifully done 
with the non-luminous vapour of metallic sodium'f. This is 
proof positive that the phenomenon exists, and I have even 

�9 Communicated by the Author. 
t Macaluso and Corbino, _Bend. Real. Ae. dei l.incd (5) vii. p. 293. 

Wood, "Magnetic Rotation of Sodium Vapour/' Phil. Mag. Oct. 1905; 
and July 1907. 
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Anomalous Rotator S Dispersion of IYeodsmium. 271 

succeeded in photographing the spectrum of the restored 
light. 

The neodymium nitrate was prepared in the form of a 
solid film, amorphous and isotropie, pressed between two very 
thin cover-glasses. The nitrate was prepared from the 
double ammonium salt by precipitation with oxalic acid, 
ignition, and treatment with nitric acid. The nitrate, freed 
from acid, was boiled down to the consistency of syrup, in 
which, state, a drop placed on ,a strip of g'lass will immediately 
soli&fy into a clear glass bead without crystallization, a fact 
found by Anderson in the course of his investigations upon 
the absorption spectra of the rare earths. By forming a 
prism of about 40 degrees of this substance between plates 
of heated glass, I have detected anomalous dispersion at the 
absorption-band at wave-length 5790, something which I 
have never been able to do with solutions, even with com- 
pensated prisms. 

The fihns are not at all difficult to prepare. The cover- 
glasses are heated and a small drop of the molten substance 
pressed out between them. If crystallization occurs, it in- 
dicates that the solution has not been sufficiently boiled down. 
Films varying in thickness from 0"1 to 0"5 ram. were used, 
the best results being obtained with a moderate thickness. 

The light from an arc-lamp was passed through a nicol 
and the cores of a large Ruhmkorff magnet, between the 
poles of which the fihn was mounted, then through a second 
nieol, after which it was concentrated on the slit of a spectro- 
scope. The nieols were set for extinction, which could be 
done to within a tenth of a degree, after which the magnet 
was excited. A restoration of the light immediately occurred 
throughout the whole range of the spectrum in the case of 
the thickest films, the intensity being greatest however in 
the vicinity of the absorption-band. With thinner films the 
restoration was confined to the immediate vicinity of the 
band, a bright and very narrow line shining out exactly in 
coincidence with the centre of the absorption-band, with 
fainter bands on each side (PI. XIII .  fig. 1). The direction of 
the rotation was the opposite of that produced by a plate of glass 
placed between the poles of the magnet, and was about four 
times as great. It immediately occurred to me that what 
we may term the rotation of the substance as a whole (that 
is the rotation due to infra-red and ultra-violet electrons) 
could be practically compensated by employing glass plates 
of ~he requisite thickness, leaving an outstanding effect due 
solely to the absorption-bands which fell within the limits of 
the visible spectrum; and this method was successfully 
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272 Prof. R. W. Wood on the Anomalous Magnetic 

employed in some of the work, though there does not appear 
to be any especial benefit derived from its nse. 

As is well known, when the nicols are set for extinction, 
and the light is restored in the spectroscope by the excitation 
of the magnet, a dark band enters the red end of the spectrum 
and moves towards the violet, when the analysing nicol is 
turned in the direction in which the rotation of the plane of 
polarization has occurred. This means of course that the 
rotation increases as the wave-length decreases. In the case 
of the neodymium film, the reverse was found to be true, the 
band moving up from the blue towards the yellow, until it 
was driven into the absorption-band and lost, indicating that 
the rotation is abnormally great on the short wave-length 
side of the band, as is the case with the vapour of sodium. 
~Io very marked effect could be detected on the red side. 

We will now examine in detail some of ghe effects which 
are seen with films of varying thickness. 

The phenomena which are to be discussed occur at the 
absorption-band at wave-length 5790, and as the appearance 
of the band is a little different from that exhibited by solu- 
tions of the salt it seemed best to photograph it. A fihn was 
pressed between two plates of glass in the form of a very 
acute prism, which when placed in front of the spectrograph 
slit, and illuminated with white light, gave a photograph 
which showed the actual form of the absorption curve. The 
absorption-band is seen to be double, a strong one with its 
centre at 5790, and a fainter one close to it and on the blue 
side (fig. 1). A barium-iron arc was impressed on the same 
plate as a comparison spectrum. 

When a very thin film is placed between the poles of the 
magnet and the current turned on, the restoration of the 
light is only noticeable in the immediate vicinity of the ab- 
sorption-band. A bright and rather narrow band (about 
12 A.E. in width) appears exactly at the centre of the 
absorption-band, that is at wave-length 5790. On the blue 
side of this there appears a fainter and broader band midway 
between the two absorption-bands, while still further along 
there is another narrow band, in coincidence with the fainter 
of the two absorption-bands. 

A photograph of this "magnetic spectrum" was made. 
but it is on too small a scale to reproduce well, and I have 
accordingly made an accurate drawing from it on the same 
scale as the absorption spectrum. The state of polarization 
in this magnetic spectrum appears to be most peculiar. I f  
the analysing nicol is turned a degree or two in the direction 
in which the rotation has occurred, the bright band at wave- 
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Rotatory Dispersion of-Neodymium. 273 

length 5790 moves distinctly towards the blue, while rotating 
the nicol in the opposite direction causes a motion towards 
the red. 

If  we attempt to explain this behaviour of the band by 
assuming a certain distribution of plane-polarized light in it, 
we find that we have a discontinuity in the position of the 
plane of polarization at the centre of the band. It  appears 
to me that the more probable state of things is as indicated 
in fig. 2, the polarization at the centre of the band being 
circular, passing to the state of plane polarization (oppositely 
inclined) on each side of the band through intermediate 
ellipses. This means of course that the two circular com- 
ponents of the plane vibration, which by their unequal 
velocity in the magnetized medimn give rise to the rotation 
of the plane of polarization, are unequally absorbed, a phe- 
nomenon which has been observed by Cotton in the case of 
naturally active bodies. 

From a very careful study of the spectrmn and the 
direction of the shift of the dark and light regions in it, I am 
inclined to regard the rotations as indicated in fig. 2, the 
incident vibrations being vertical. 

With a thicker film very strong anomalous rotation can 
be observed in the green. After tl~e restoration of the light 
by the magnetic field, if the analysing nicol be turned in the 
d~rection in which the plane of polarization has been rotated, 
a broad dark band moves fronl tile blue-green region towards 
the absorption-band in the yellow, becoming narrower as it 
moves along, until at the moment when it is at the edge of 
the absorption-band it is so narrow as to be barely visible. 
This indicates of course that the curve of the magnetic rota- 
tion becomes very steep as we approach the absorption-band 
f'rom the blue side, precisely as in the case of sodium vapour 
(fig. 3). On the other side of the absorption-band I am 
unable to determine how the curve runs. The rotation is 
apparently about the same as in the blue-green region, and 
of the same sign, but no certain trace of any moving band 
could be discerned as the nicol was rotated. The curve is 
evidently not as steep on the red side, or the band of ex- 
tinction could certainly be detected in the neighbourhood of 
the absorption-band. So far as could be determined, rotation 
of the nicol extinguished the red and orange portions of the 
spectrum simultaneously, the faint suggestion of a dark band 
coming in from the red side being in all probability an 
illusion, for as is well known extinction appears to begin 
at the faintly visible end of a spectrum, even when it is 
extinguished uniformly. 
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27& Prof. R. W. Wood on the Exlstence of 

We must remember that we are observingrotations which 
result from a pair of absorption-bands, which may behave in 
different ways~that is they may conspire for wave-lengths 
on the blue side and oppose each other for the longer waves 
on the red side. If, for example, the stronger band at wave- 
length 5790 gave positive rotations for the red waves, and 
negative, rotations tbr the green, and the fainter band gave 
negative rotations for both red and green, the absence of a 
sharply marked extinction-band on the red side is at once 
explained. Both types of rotation curves are theoretically 
]3ossible according to Drude, according to the fundamental 
ny~.othesis adopted. The second type is characteristic oC 
sodium vapour, as is well known. 

I am now preparing a set of these fihns for Dr. Bates, of 
the Bureau of Standards, who plans to investigate them with 
a large and very accurate polarimeter. 

XXIII .  On the Existence of Positive Electrons in the Sodium 
Atom. B21 R, W. WooD, Professor of ExTerimental 
Physics in the Johns ttopkins University * 

[Plate XIV.] 

T HE greater part of the evidence which we have obtMned 
thus far regarding the structure of the atom, indicates 

that the centres of vibration which emit the spectral lines 
are negatively charged corpuscles. The positive charges 
appear to be associated with the atom as a whole, and the 
assumption is often made that the positive electrification is 
of uniform distribution. 

The Zeeman effect shows us that the D lines of sodium are 
due to vibrators carrying negative charges, a fact which is 
true of all other lines which show the effect. That a negative 
charge is associated with the centres of vibration which emit 
the D lines is also shown by the direction (positive) of the 
magnetic rotation of the plane of polarization, for waves of 
very nearly the same frequency as that of the D lines. As 
is well known band spectra do not show the Zeeman effect at 
all, consequently we are unable to apply this test to the 
investigation of the nature of the charge associated with the 
eentres of emission of the lines of which the bands are 
made up. 

Some of the lines which make up the complicated channelled 

Communicated by the Author. 
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